Introduction
Intraoperative CT and navigation systems (NAV) may provide an opportunity to improve precision and accuracy of pedicle screw placement, and in so doing, improve patient outcomes. Our study aimed to examine the efficacy and safety of NAV for pedicle screw placement in elective and emergent adult spinal surgery cases. We currently use this technology for surgery in all primary diagnoses of the adult spine including trauma, degenerative, deformity, revision surgery, and tumor. We sought to examine the efficacy and safety of NAV for pedicle screw placement in this broad range of surgical spinal cases.
Materials and Methods
All patients who underwent pedicle screw fixation with O-arm imaging and StealthStation navigation between January 2008 and December 2012 were analyzed. Patients were matched with historic case controls (non-NAV). Diagnosis, number, timing, and degree of screw malposition were recorded. Any screw with pedicle breach greater than 0 mm was recorded as misplaced. All patients had a minimum follow-up of 1 year. Quantitative statistical analysis compared screw placement between NAV and non-NAV cases.
Results
A total of 253 patients met the inclusion criteria by primary diagnosis in the NAV group. Diagnosis categories were not significantly different between groups (trauma 20%, oncology 12%, inflammatory arthropathy 2%, scoliotic deformity 23%, spondylolisthesis 25%, degenerative 13%, and miscellaneous other diagnoses 5%, p = 0.269). Mean number of screws placed was 11.4 in the NAV group and 10.8 in the non-NAV group (p = 0.299) with misplaced screws in 78 patients (31%) in the NAV group and 105 (42.2%) in the non-NAV group (p < 0.009). Intraoperative screw revision rates were equivalent between groups (21 in the NAV group and 20 in the non-NAV group, p = 1); however, the number of screws revised during the same admission was significantly different (2 in the NAV group and 9 in the non-NAV group, p < 0.004). Likewise, late postoperative surgical revision rates were significantly different with six patients requiring readmission for screw revision within 1 year in the non-NAV group compared with none in the NAV cohort (p < 0.008). All categories of primary diagnosis demonstrated reduction (p < 0.05) in the rate of screw malposition. Screw revision rates for individual diagnoses, however, intraoperatively or early postoperatively were not different between groups with the exception of major adult deformity (p < 0.002). Thoracic trauma pedicle screws (p < 0.005) and pedicle screws for deformity (p < 0.001) were most likely to be malpositioned. Traumatic cervical screws were most likely to require subsequent admission and screw revision. Rates of adverse events were not significantly different between groups. Reoperation for instrumentation failure was significantly different (0 cases in the NAV group and 7 in the non-NAV cohort, p < 0.008).
Conclusion
Intraoperative 3D imaging with navigation provides an equally safe and more accurate and precise tool for pedicle screw placement than traditional techniques in adult spine surgery. Our data demonstrated a difference in the need for revision screw placement, particularly noted for deformity procedures. Considering the serious consequences of deviant screw position, the use of this technology provides a promising tool to increase patient safety and accuracy for hardware placement.
